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ABSTRACT 
Feeding t r i a l s  were conducted t o  eva lua te  t h e  long-term n u t r i t i o n a l  
p o t e n t i a l  of  a chemica l l y  de f ined l i q u i d  d i e t  for  Sa imi r i  sc iureus 
( s q u i r r e l  monkeys) and t o  determine whether such a d i e t  can serve as 
t h e i r  so le  source o f  water and n u t r i e n t s .  
Six s q u i r r e l  monkeys were maintained on a 50% (w/v) chemical l y  def ined 
l i q u i d  d i e t  and t h r e e  o the rs  were maintained on a standard s tock  d i e t  
fo r  13 - 16 months. Both groups o f  monkeys appeared t o  be a c t i v e  and 
heal thy.  
mainta ined weight. One monkey showed a marked weight loss. D i e t  in -  
t ake  of t h e  I i qu id - fed  group averaged 72 ml/day (129 ca l /day) .  The i r  
- ad- l i b i t um water i n take  averaged 166 ml/day. 
t h e  standard-stock d i e t  each gained weight. 
averaged 53 g/day (ca l /day)  and t h e i r  - ad- l i b i t um water in take  averaged 
110 ml/day. 
F i ve  o u t  o f  t h e  s i x  monkeys fed  t h e  l i q u i d  d i e t  gained o r  
The t h r e e  monkeys fed  
The i r  d i e t  consumption 
A f t e r  t h e  monkeys were on t h e  50% (w/v) chemical l y  def ined I i q u i d  d i e t  
f o r  one year, they were deprived o f  t h e i r  - ad- l i b i t um d r i n k i n g  water and 
fed t h e  l i q u i d  d i e t  as t h e i r  so le  source o f  water and n u t r i e n t s .  
d i e t  concent ra t ion  was reduced t o  40 and 33% (w/v). Under these condi- 
t i o n s  t h e  monkeys surv ived b u t  d i d  poor ly .  
they showed s igns of dehydration. 
monkeys were fed  t h e  40% (w/v) d i e t  appeared t o  be due t o  dehydration. 
The i r  weight loss on t h e  33% (w/v> d i e t  appeared t o  be due t o  dehydration 
as we l l  as inadequate n u t r i e n t  in take .  I n  t h e  l a t t e r  instance, t h e  mon- 
keys f a i l e d  t o  consume a s u f f i c i e n t  amount o f  d i e t  t o  f u l l y  compensate 
f o r  t h e  I ower d i e t  concent ra t  ion. 
The 
Weight loss occurred and 
The weight loss observed when t h e  
A t  t e rm ina t i on  o f  t h e  experiment, hematological s tud ies  showed t h a t  most 
b lood values were normal. Leukocytes were s l i g h t l y  lower i n  a l  I monkeys, 
.. 
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regard less o f  t h e i r  p rev ious  d i e t  h i s t o r y .  
t h a t  t h e  blood va lues  measured were in f luenced by t h e  d i e t s  studied. 
There was no c l e a r  evidence 
Gross necropsies showed t h a t  monkeys fed  t h e  s tock  d i e t  were genera l l y  
in b e t t e r  phys ica l  c o n d i t i o n  than t h e  l i q u i d - f e d  animals. F i l a r i a s i s  was 
observed i n  bo th  groups. The organ weights o f  t h e  l i q u i d - f e d  monkeys 
tended t o  be smal le r  than those o f  t h e  stock-fed group. 
due t o  "hair-pul I ing", and s igns  o f  dehydrat ion due t o  t h e  water depr i -  
T a i l  a lopecia 
v a t i o n  regimens were p reva len t  i n  t h e  I i q u i d - f e d  monkeys. There were no 
o t h e r  gross pa tho log i ca l  l es ions  associated w i t h  d i e t .  H i s t o l o g i c a l  ex- 
aminations a r e  i n  progress and w i l l  be repor ted a t  a l a t e r  date. 
iii. 
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I NTRODUCT I ON 
The o b j e c t i v e s  of t h e  s tud ies  here in  repor ted  were two-fold: 
I ,  To complete ou r  e v a l u a t i o n  of t h e  long-term n u t r i t i o n a l  p o t e n t i a l  
o f  a chemica l l y  de f i ned  l i q u i d  d i e t  for  Sa im i r i  sc iureus i n i t i a t e d  
under Cont rac t  NASw-5 17, and, 
2.. To determine, whether, as  i n  t h e  case of t h e  r a t  ( I ) ,  a s i n g l e  
s o f u t i o n  o f  such a d i e t  can simultaneously s a t i s f y  t h e  water and 
n u t r i t i v e  requirements of t h e  s q u i r r e l  monkey over  a s h o r t  per- 
iod  of t ime. 
GENERAL PROCEDURES 
The animals s tud ied  and t h e  procedures employed were e s s e n t i a l l y  t h e  
same as descr ibed i n  ou r  l a s t  annual r e p o r t  t o  NASA ( 2 ) .  Monkeys 
which had p rev ious l y  adapted t o  a l i q u i d  regimen (2) were fed  a 50% 
(w/v) chemica l l y  de f ined l i q u i d  d i e t  (Table 1 )  throughout t h e  exper i -  
mental per iod .  Contro l  animals were fed  a standard-stock b i s c u i t  
(Rockland Primate D i e t )  ( 2 ) .  Body weights were measured bi-weekly. 
D i e t  and water consumption were measured d a i l y .  
been on t h e  l i q u i d  regimen for  a t  l e a s t  one year t h e i r  d r i n k i n g  water 
was withdrawn, and t h e  l i q u i d  d i e t  served as t h e i r  so le  source o f  water 
and n u t r i e n t s .  I t  was fed  a t  concent ra t ions  o f  40 and 33% (w/v). A t  
A f t e r  t h e  monkeys had 
te rm ina t ion  o f  t h e  experiment, t h e  monkeys were b led f o r  hematological 
studies, and then s a c r i f i c e d  f o r  gross necropsy and h i s t o l o g i c a l  exam- 
i n a t  i on, 
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RESULTS 
Six s q u i r r e l  monkeys were maintained on a 50% (w/v) chemical l y  de f ined 
l i q u i d  d i e t  fo r  13 - 16 months. A l l  were a c t i v e  and appeared heal thy.  
A lopecia was observed on t h e  t a i l s  of several monkeys, bu t  t h e r e  were 
no s igns of h a i r  loss or  d e r m a t i t i s  on t h e  torso or head reg ion  o f  these 
animals. Most of  t h e  monkeys gained o r  maintained body weight on t h e  
l i q u i d  regimen (Table 2 ) .  Only one monkey l o s t  a la rge  amount of weight 
(i.e., monkey 4 l o s t  158 g) .  D i e t  i n take  ranged between 57 and 92 ml/day. 
Body weight changes were r e l a t e d  t o  d i e t  i n take  b u t  no t  i n  a l i n e a r  fa -  
shion. 
aged 117 ml/day. 
ranged between 136 - 194 ml/day and averaged 166 ml/day. 
- Ad- l ib i tum water i n take  ranged between 97 - 143 ml/day and aver- 
Tota l  water i n take  ( d i e t a r y  water + - ad- l i b i t um water) 
The t h r e e  monkeys fed  t h e  s tock  d i e t  each gained weight. 
consumption averaged 53 g/day, (196 ca l /day) .  - Ad- l ib i tum water in take  
(equ iva len t  t o  t o t a l  water i n take )  averaged 110 ml/day. 
The i r  d i e t  
A f t e r  t h e  monkeys had been f e d  t h e  50% (w/v) chemical l y  def ined I i q u i d  
d i e t  fo r  one year, they  were depr ived of t h e i r  - ad- l i b i t um d r i n k i n g  water 
and fed t h e  same d i e t  (Table I )  as t h e i r  so le  source of water and n u t r i -  
en ts  a t  reduced concentrat ions,  i.e., 40 and 33% (w/v).l 
monkeys were switched t o  t h e  40% (w/v> d i e t  fo r  two t o  f o u r  weeks. 
t h i s  time, a l l  bu t  one (monkey 13) l o s t  weight and one monkey (monkey 15) 
d ied  (Table 3 ) .  N u t r i e n t  in takes  fo r  each monkey (except monkeys 6 and 
14) were w i t h i n  5% o f  t h e i r  respec t i ve  in takes  when fed  t h e  50% (w/v) 
d i e t  w i t h  - ad- l i b i t um water (Tables 2, 3 and 5) .  Pinkeys 6 and 14 de- 
creased t h e i r  in takes markedly. Water i n take  con t r i bu ted  by t h e  d i e t  was 
g rea te r  when t h e  monkeys (except monkey 14) consumed t h e  40% (w/v) d i e t  
than when they  consumed t h e  50% (w/v) d i e t  w i t h  - ad-l i b i tum water. 
t o t a l ' w a t e r  in take  was g r e a t e r  when they  were on t h e  l a t t e r  regimen. 
k n i t - i a l l y  t h e  
During 
However, 
'Monkey 13 received t h e  50% (w/v) d i e t  + d r i n k i n g  f o r  o n l y  f i v e  months 
p r i o r  t o  s t a r t i n g  t h i s  regimen. 
2 .  
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When t h e  monkeys were switched t o  t h e  33% (w/v) d i e t ,  they  a l l  l o s t  
weight. I n  a l l  cases n u t r i e n t  i n take  was less than when they  were fed  
t h e  40% Cw/v) d i e t .  
than when t h e  monkeys consumed t h e  40% (w/v) d i e t ,  b u t  it was s t i l l  f a r  
less than when - ad- l i b i t um water was prov ided w i t h  t h e  50% (w/v) d i e t .  
Water i n t a k e  con t r i bu ted  by d i e t  was g rea te r  
Four monkeys were re tu rned t o  t h e  50% (w/v) d i e t  + - ad- l i b i t um water, 
a f t e r  they  had been on t h e  water d e p r i v a t i o n  regimens f o r  f o u r  t o  s i x  
weeks (Table 3 ) .  T h e i r  n u t r i e n t  and water consumption approximated 
.the l e v e l s  observed p r i o r  t o  water d e p r i v a t i o n  (Table. 5 )  and a l l  gained 
weight (Table 4). I n  two cases (monkeys 7 and 141, they gained more 
than they  lost on t h e  33 and 40% (w/v) regimens (Tables 3 and 4) .  
A t  t e rm ina t i on  of t h e  experiment, hematological determinat ions were 
made on seven monkeys which were b led  by ca rd iac  puncture p r i o r  t o  being 
sac r i f i ced .  Ery th rocy te  (RBC), hematocr i t  and hemoglobin values were 
unaf fected by t h e  d i e t a r y  regimens s tud ied  (Table 6 ) .  Several values de- 
v i a t e d  
Tota I 
I owest 
norma I 
5 and 
s l i g h t l y  from t h e  normal range suggested f o r  s q u i r r e l  monkeys (4). 
eukocyte (WBC) counts  were low i n  almost a l l  cases, and were 
fo r  monkeys fed  t h e  s tock  d i e t .  
range, Eos inoph i ls  were abnormally h igh  i n  two animals (monkeys 
8) fed  t h e  s tock  d i e t .  
A l l  had WBC counts below t h e  
Monocytes were abnormally h igh  i n  two 
l i q u i d - f e d  monkeys (monkeys 4 and 7 )  and lymphocytes were abnormally low 
i n  t h r e e  monkeys (monkeys 2, 4 and 6 )  on t h e  l i q u i d  regimens. Neut roph i l s  
i n  t h e  l i qu id - fed  animals exceeded t h e  normal range bu t  occurred more f r e -  
quent ly  than i n  t h e  stock-fed animals. 
A f t e r  bleeding, a l l  s u r v i v i n g  monkeys were s a c r i f i c e d  and gross autops ies 
were performed. 
physicaf appearance than those fed  t h e  l i q u i d  d i e t .  Two animals (monkeys 
I n  general,  monkeys fed  t h e  s tock  d i e t  had a b e t t e r  gross 
3. 
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IO and 18) f ed  t h e  s tock  d i e t  were c l a s s i f i e d  i n  good phys ica l  cond i t ion ,  
and one (monkey 5) was c l a s s i f i e d  f a i r .  I n  t h e  l i q u i d - f e d  group, two were 
c l a s s i f i e d  i n  good phys ica l  c o n d i t i o n  (monkeys 2 and 141, one was c l a s s i -  
f i e d  f a i r  (monkey 7) and t h r e e  (monkeys 4, 6 and 13) were emaciated. Sk in 
dryness and t a i l  a lopecia were p reva len t  i n  these animals. F i l a r i a l  
worms were present  i n  almost a I t h e  monkeys s tud ied  regard less o f  d i e t .  
Post-mortem organ weights (Tab e 7) tended t o  be less  f o r  t h e  l i q u i d - f e d  
yonkeys. Th is  was p a r t i c u l a r l y  t r u e  for  t h e  l i v e r s .  The weight d i f f e r -  
ences between t h e  o t h e r  organs of t h e  two d i e t a r y  groups was r e l a t i v e l y  
small and appeared t o  be r e l a t e d  t o  body weight. 
i e s  performed on each monkey a r e  presented i n  t h e  Appendix. 
Dei -a i ls  o f  t h e  necrops- 
4. 
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DISCUSSION 
The r e s u l t s  of t h e  f i r s t  phase o f  t h i s  study show t h a t  s q u i r r e l  monkeys 
can be maintained i n  a good s t a t e  of h e a l t h  when fed  a chemica l l y  de f ined 
l i q u i d  d i e t  f o r  a prolonged per iod  of t ime  (13 - 16 months). 
Because t h e  ages of t h e  monkeys were unknown, we can o n l y  conclude t h a t  
t h e  l i q u i d  d i e t  t e s t e d  was adequate f o r  ma in ta in ing  body weight and f o r  
promoting weight gain. I t  i s  doubt fu l  t h a t  t h e  d i e t  was op t ima l .  Our 
prev ious r e p o r t  suggested t h a t  it may be d e f i c i e n t  i n  ca lc ium and f a t ,  
b o r d e r l i n e  i n  phosphorus and sub-optimal i n  amino ac id  p a t t e r n  ( 2 ) .  t-low- 
'ever, due t o  t h e  l i m i t e d  o b j e c t i v e s  o f  t h e  present  study, no mod i f i ca t i ons  
were made. 
more than stock-fed animals (Table 2, monkey 2 vs. IO; monkeys 2 and 15 
vs. 18) wh i le  t h e  remainder d i d  n o t  do as we l l ,  could be r e l a t e d  t o  age, 
d i e t  in take  and/or d i e t  composition. 
The f a c t  t h a t  two l i q u i d - f e d  monkeys gained as much as, or  
The second phase of t h i s  study showed t h a t  s q u i r r e l  monkeys survive, bLit 
do n o t  do wel l ,  when a chemical ly  de f ined d i e t  serves as t h e i r  so le  source 
o f  water and n u t r i e n t s  (Table 3 ) .  A 40% (w/v) and a 33% (w/v> each were 
inadequate when t h e  monkeys were depr ived o f  a separate supply of d r i n k i n g  
water. Weight loss occurred and t h e  animals showed s igns  of  dehydration. 
The weight loss 
peared t o  be ch  
and 14) c a l o r i c  
observed when t h e  monkeys were f e d  40% (w/v) d i e t  ap- 
e f l y  due t o  dehydration. I n  a I bu t  two cases (monkeys 6 
in takes  were equ iva len t  t o  t h e  prev ious experimental pe r iod  
when they  received a 50% (w/v> d i e t  w i t h  d r i n k i n g  water (Table 5 ) .  
When t h e  monkeys were fed  t h e  33% (W/Y)  d i e t ,  they  d i d  n o t  (except for  
monkey 2 )  compensate f o r  t h e  d i l u t i o n  by inc reas ing  t h e i r  i n take  (Table 5 ) .  
5. 
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As a r e s u l t ,  t h e i r  energy and t o t a l  n u t r i e n t  in takes were below t h e i r  
in takes  on t h e  prev ious  two regimens, i.e., 404% (w/v) minus I ad- l i b i t um 
water and 50% (w/v) + - ad- l i b i t um water. 
These f i n d i n g s  a r e  i n  c o n t r a s t  t o  ou r  e a r l i e r  observat ions w i t h  ra t s ,  
where we determined t h a t  a 37% (w/v> d i e t  cou ld  simultaneously s a t i s f y  
t h e i r  water and n u t r i t i v e  requirements ( I ) .  
s i m i l a r  t o  those fed  i n  t h i s  study, i.e., 50 - 40 - 304% (w/v> r a t s  sa t -  
i s f i e d  t h e i r  energy requirements by increas ing t h e i r  in takes as t h e  d i e t s  
became more d i l u t e .  
( s o l e l y  from t h e  d i e t )  as t h e  c o n t r o l  group r e c e i v i n g  - ad- l i b i t um water. 
A t  d i e t  concentrat ions, 
I n  so doing, they consumed t h e  same amount o f  water 
Under t h e  cond i t i ons  o f  t h i s  experiment ( w i t h  t h e  except ion of  monkey 2 )  
s q u i r r e l  monkeys d i d  n o t  e x h i b i t  t h i s  capac i ty .  
t o  a r e l a t i v e l y  h i g h  water requirement and t o  dehydrat ion i n i t i a t e d  by 
t h e  40% (w/v) 
33% (w/v> minus - a d - l i b i t u m  water regimen. 
and n u t r i e n t  in takes were v i r t u a l l y  equ iva len t  on a l l  regimens (Table 5). 
Nevertheless, body weight loss occurred, suggesting poor d i e t  u t i l i z a t i o n  
or t h e  onset  o f  dehydrat ion due t o  i n s u f f i c i e n t  d i e t a r y  water. 
necropsy o f  monkey’2 d i d  no t  reveal any s igns  o f  dehydrat ion (Appendix). 
Th is  may have been due 
minus - ad- l i b i t um water regimen and c a r r i e d  over  t o  t h e  
I n  t h e  case of monkey 2, energy 
Gross 
One index o f  t h e  r e l a t i o n s h i p  of water i n take  t o  s o l i d  n u t r i e n t  in take  i s  
t h e  water:energy r a t i o .  During these studies, monkeys fed  t h e  s tock  d i e t  
consumed an average of 108 m l  and 196 cal/day and those on t h e  50% (w/v) 
+ - ad- l i b i t um regimen averaged 153 m l  and 127 cal/day. 
r a t i o s  were 0.6 and 1.2 respec t i ve l y .  
a 22% (w/Y)  d i e t  (water:energy ra-l-io - 1.2) and a 40% (w/v> d i e t  (water: 
energy r a t i o  - 0.6). 
T h e i r  water:energy 
These r a t i o s  can be s a t i s f i e d  by 
We a l ready  noted t h a t  a 40% (w/v) d i e t  causes dehy- 
d ra t i on .  A 22% (w/v) d i e t ,  on t h e  o t h e r  hand, might  prove s a t i s f a c t o r y  
6 .  
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i f  consumed i n  ample quan t i t y .  I t s  water:energy r a t i o  i s  equ iva len t  t o  
t h a t  v o l u n t a r i l y  a t t a i n e d  by monkeys fed  a 50% (w/v) d i e t  w i t h  - ad-l ib i turn 
water: (Table 3). 
The idea l  d i e t  f o r  simultaneously s a t i s f y i n g  t h e  water and n u t r i t i v e  re- 
quirements o f  t h e  s q u i r r e l  monkey may be one w i t h  a water:energy r a t i o  
between 0.6 and 1.2, i.e., between 20% and 40% (w/v). Th is  would be ex- 
pected i f  t h e  water requirement of t h e  monkey decreases w i t h  decreasing 
d i e t  osmo la r i t y  due t o  d i l u t i o n .  
d i e t s  va ry ing  i n  concent ra t ion  from 20% - 30% (w/v) a r e  fed  t o  s q u i r r e l  
Studies should be conducted i n  which 
monkeys as t h e i r  s o l e  source of water and n u t r i e n t s .  Such d i e t s  should 
be a b l e  t o  s a t i s f y  t h e i r  n u t r i t i v e  requirements w i thou t  exceeding t h e i r  
volume capac i ty .  
F i n a l l y >  mention should be made about t h e  te rmina l  hematologies and gross 
port-mortem necropsies. 
were n o t  in f luenced by d i e t  (Table 6 ) .  Wide v a r i a t i o n s  i n  blood values 
between s q u i r r e l  monkeys and i n  t h e  same s q u i r r e l  monkey a re  n o t  uncommon 
and have been repor ted by o the rs  ( 3  and 4).  I n  t h e  present  study, o n l y  
one sample was taken from each monkey. I n  f u t u r e  s tud ies,  we recommend 
a t  l e a s t  t h r e e  samplings fo r  each animal. 
Blood values were h i g h l y  v a r i a b l e  and genera l l y  
Most blood values were considered t o  be normal. 
low, b u t t h i s  was t r u e  regard less of d i e t a r y  regimen. 
t r i b u t i o n  of W B C  d i f f e r e d  s l i g h t l y  between animals on d i f f e r e n t  regimens, 
Only WBC counts were 
Although t h e  d i s -  
. t h e  dev ia t i ons  were too small and t h e  number of samplings t o o  l i m i t e d  t o  
draw any conclusions. 
Gross necropsies showed t h e  stock-fed monkeys t o  be i n  b e t t e r  phys ica l  
c o n d i t i o n  than t h e  l i q u i d - f e d  animals (Table 7 and Appendix). Th is  may 
have been p a r t i a l l y  due t o  t h e  e f f e c t s  o f  dehydration. P r i o r  t o  dep r i v ing  
7. 
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t h e  monkeys o f  d r i n k i n g  water they appeared t o  be i n  good phys ica l  condi- 
t i o n ,  were a c t i v e  and healthy, maintained o r  gained weight and d i d  no t  
show many of t h e  s igns  of  dehydrat ion observed on autopsy, i.e., emacia- 
t ion, scaley skin, dryness, e tc .  A lopecia of t h e  t a i l  was noted throughout 
these s tud ies  i n  bo th  l i q u i d  and stock-fed monkeys, b u t  it was p reva len t  
i n  t h e  former group. 
and t o  " h a i r - p u l l i n g  and chewing" by t h e  I i qu id - fed  monkeys. 
Th is  was due i n  p a r t  t o  t h e  metal f loor  o f  t h e  cage 
Apar t  from dehydrat ion due t o  t h e  water d e p r i v a t i o n  regimens the re  were 
no gross pa tho log i ca l  s igns a t t r i b u t a b l e  t o  d i e t .  The v i t a l  organs of  t h e  
l i q u i d - f e d  monkeys tended t o  be genera l l y  smal le r  than t h e  s tock- fed an i -  
mals bu t  t h i s  was g e n e r a l l y  r e l a t e d  t o  body s ize .  
t i o n s  a r e  now being performed on these organs as we l l  as o t h e r  t i s s u e s  and 
should .be completed i n  severa l  months. 
H i s t o l o g i c a l  examina- 
. 
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The r e s u l t s  of these experiments a r e  p re l im ina ry  and r e q u i r e  add 
f o l  iow-up 
the  scope 
number of 
areas o f  
t i o n a  
Due t o  budgetary r e s t r i c t i o n s ,  it was necessary t o  c n f i n e  
o f  t h e  program and t o  conduct t h e  experiments w i t h  a l i m i t e d  
animals. The f o l l o w i n g  l i s t  o f  recommendations suggests those 
n v e s t i g a t i o n  which we f e e l  w i l l  be use fu l  t o  NASA i n  the  f u t u r e  
development o f  l i q u i d  d i e t  for  s q u i r r e l  monkeys and o the r  primates. 
Several were p rev ious l y  l i s t e d  i n  our  l a s t  r e p o r t  ( 2 ) .  
I .  
2. 
3 .  
4. 
5. 
Adaptat ion s tud ies  t o  determine the  most expedi t ious way t o  t r a n s f e r  
s q u i r r e l  monkeys t o  a l i q u i d  d i e t  and t o  e s t a b l i s h  a r o u t i n e  pro- 
cedure of implementation. 
Metabolism s tud ies  (p re fe rab ly  w i t h  female s q u i r r e l  monkeys) t o  
e s t a b l i s h  requirement l eve l s  f o r  such major nu-fr ients as pro te in ,  
energy, calcium, and phosphorus and t o  determine n u t r i e n t  u t i l i -  
z a t i o n  by monkeys fed  l i q u i d  d i e t s .  
Performance s tud ies  t o  determine whether s q u i r r e l  monkeys which 
have been maintained on a l i q u i d  d i e t  f o r  a t  l e a s t  s i x  months can 
perform i n - f l i g h t  tasks w i t h  the  same d e x t e r i t y  as c o n t r o l  an i -  
mals fed  s tock  d i e t s .  
M ic rob io log i ca l  s tud ies  t o  i s o l a t e  and b iochemical ly  i d e n t i f y  t he  
i n t e s t i n a l  f l o r a  of s q u i r r e l  monkeys on s o l i d  ana l i q u i d  d ie t s .  
Water dep r i va t i on  s tud ies  t o  determine whether a l i q u i d  d i e t  a t  
concentrat ions o f  20 - 30% (w/v) ( i .e,,  a t  lower concentrat ions 
than here in  t e s t e d )  can serve as a s i n g l e  source of water and nu- 
t r i e n t s  f o r  t he  s a u i r r e l  monkey. 
9. 
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o g i c a l  s t u d i e s  t o  determine: 
ssue and c e l l u l a r  changes r e s u l t i n g  from 
e t  feeding 
ong-term l i q u i d  
b. whether such changes a l t e r  normal f u n c t i o n  and metabo l ic  
pa t te rns  
whether such changes a r e  r e v e r s i b l e  c. 
7. D i e t  o p t i m i z a t i o n  s tud ies  t o  improve upon t h e  acceptance and n u t r i -  
t i o n a l  e f f i c a c y  of chemical ly def ined l i q u i d  d i e t s .  
IO. 
Glucose 340.0 Ascorbic a c i d  
B i o t i n  
Ami.no ac ids 9 1  1 V i t .  BIZ (0.1% t r i t u r a t i o n )  75.0 
P r o t e i n  hydro1 ysate 102.3 Calcium pantothenate 37.5 
L-methionine 3.4 Choline-HCI 2.5 g 
L-tryptop ha n I .5 F o l i c  a c i d  0.37 
L-pheny l a  I an i  ne 3.5 I n o s i t o l  187.5 
N iac in  28.12 L-arg i n i ne- HC I 0.9 
L- I ys i ne HC I 4.4 E-am i no benzoic ac id  225 
G I  yc i ne I .6 ' Pyridoxine*HCI 4.72 
R i b o f l a v i n  5.62 
Minerals, macro 9 1  I Thiamine-HCI 3.75 
Sodium c h l o r i d e  2.3 
Sodium bicarbonate I .8 Vitamins, f a t  so lub le  mg/ 1 
Potass i um g I uconate 12.9 V i t .  A acetate,  3000 lU/mg 5.0 
Magnesium gluconate 2. I C a l c i f e r o l ,  40 IU/rng 3.5 
Ferrous ammonium s u l f a t e  0.7 Menadione 2.1 
Calcium glycerophosphate 14.0 V i t .  D3, 200 IU/mg 9.9 
a-tocopheryl ace ta te  1 IU/mg 25.0 
M i  nera I s, t r a c e  mg/ I Ethyl  I i n o l e a t e  2.0 g 
Manganese acetate*4H20 130.9 Po I ysorbate 80 3.0 g 
Cupric acetate*H20 7.5 
Ammonium molybda-te*4H20 3.0 
4.5 
15.1 
1 1 . 1  
t i o n  50% (w/v) 
I t . .  
TABLE 2 
Body Weight, D i e t  Consumption and Water Consumption of Squi r re l  Mon 
Chemically Defined L iqu id  D i e t  o r  a Stock D i e t  f o r  a Prolonged Per i  
Monkey Durat ion Body Weight D Ie t  Intake* Water I ntake* 
I n i t i a l  D i e t  Ad Lib i tum Total  
g ml /day '  cal/day rn I /day 
Li qu i-d-6 1 e t**  , 
(4-1 I65 91.8t 1.7' 165.2 62.3 112.0+ 2.2' 174.3 2 
4 
6 
3 .  
14 
I5 
5 
IO ' 
18 
mos 
16 
I5 
I4 
16 
13 
14 
~, 1 6 
16 
12 
i ,  
9 
914 
782 
603 
566 
729 
606 
,778 
905 
75 I 
(-1 I58 57.45 1.6 103.3 38.9 
(+-I 33 70.9t 2.8 
(4-1 62 72.41 1.4 
(-1 65 66.22 2.6 
(+I 133 74.03. 1.9 
27.6 48.1 
30.3 49.2 
19.2 44.9 
33.2 50.2 
97.92 2.3 136.8 
97-72 2.8 145.8 
17.22 3.1 166.4 
32.32 4.9 177.2 
43.3k 6.4 193.5 
Stoc k-D i et! 
d d k y '  ' . ' 
(3.1 I78 53.71- 2.1 198.7 107.91 4.5 107.9 
(+> I69 55.9% 1.5 206.8 107.9-L. 4.5 107.9 
('11 I5 . 49.02 0.9 181.3 I08.7t 2.2. 108.7 
* 
** For Composition See Table 1 .  
+ Mean Value f Standard Error .  
kland Primate Diet .  
Average D a i l y  Consumption Per Month. 
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TABLE 3 
Diet Consumption and Body Weight Change of  Squirrel Monkeys Fed Two Concentrations 
0f.a Chemically.Defined Liquid.!Jiet.Without.Ad-Libitum Water 
0 . . .  
.- _ _  
-- 33% . (W/Vl 
- 
' 40-% tw/v, _.. _ .  
Intake Duration Bo e y Wt. . ,  Initial A Monkey Body Wt. Intake Duration Body Wt. 
9 m I /day w ks 9 rn I /day w ks 9 
2 1079 109.9+ 2.7 3 (-1 23 128.5.t 1.6* l 5  (-1 59 
4 624 70.2.t 3.2 3 (-1 45 66.02 1.1 3 (-1 143 
P 
6 636 75.1t3.5 3 (-1 43 72.5.t - 1.3 3 (-1 67 
- - 7 628 91.8-t- c 1.8 4 (-1 27 s 
13 714 61.2+ 2.9 2 - (+I. 6 66.62 1.6 15 (-1214 
14 628 46.2+ 2.9 2 (-1 36 53.6 k 4.4 2 (-1 89 
- - 15 739 go.]+ 5.4 I O  days O** c 
* Mean Value 2 Standard Error. 
** Died on I Ith Day. 
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TABLE 4 
Body Weight Changes, Energy In take  and Water In take  of S q u i r r e l  Monkeys Fed 
Three D i f f e r e n t  Concentrat ions of a Chemical ly Defined L i q u i d  D i e t  
Water In take A -Body W t .  . Energy In take 
1 - . -  1 -  * - . . - . .  - 
40 33 50 tH20 40 33 50 +H 0 
2 D i e t  $ (w/v) 40 33 50 tH20 
-. 
/day 9 
51.9 156.4' (-145 ( -1 143 (3.1 77 
Monkey 
4 101. 
6 108. 
ca I /day 
78.4 
86. I 
m 
16.8 51.9 
11.2 55.6 
7 132.2 P 145.3 67.9 
14 66.5 63.7 130.9 34.2 
57.0 149.0 (-143 ( -1 67 (3.1 12 
- 172.2 (-127 - (I- I87 
42.1 169.5 (-136 (-1 89 (+)I91 
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TABLE 5 
Energy In take  and Water In take  of S q u i r r e l  Monkeys Fed a Chemical ly Defined 
L i q u i d  D i e t  With and Without Ad-Libitum Water 
Energy In take Water In take 
50 40* 33* 50 50 40" 33* 50' 
caJ /day m I /day 
2 165 158 I53 - 174 81 101 
. 4  
6 
103 101 78 I I7 137 52 52 156 
128 108 86 I l l  146 56 57 149 
7 130 132 - 145 166 68 - 172 
13 85 88 79 - 103 45 52 - 
14 
15 
119 67 64 131 177 34 42 170 
133 130 c - 194 67 - - 
* Minus Ad-Libitum Water. 
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TABLE 6 
Hematology of  Squ i r re l  Monkeys Fed a Stock D i e t  o r  a Chemical ly Defined L i q u i d  
With and Without Ad-Libitum Water 
- ---I_ - _  -_. 
Norma I * Stock D i e t  l i q u i d  D i e t  L i q u i d  Diet(-)H?C -
Measurement Va I ues #5' I #'IO ' #I8 #4 #6 17 #2 
RBC x I O  6/mm3 6.3-  6.7 6.52 5.81 7.14 6.31 6.07 6.06 6.74 
Kcrf % 37- - . 4  I 37 40 41 40 38 39 38 
Hb gm % 12.4-13.2 11.3 12.2 12.2 12.0 12.4 12.6 12.7 
UBC x io3jmm3 7.2-11.0 4.5 3.3 2.9 9.7 5.4 7.3 3.6 
Lymphocytes % 18 -a48 41 38 26 4 12 38 13 
Monocytes % 2 -  4 4 2 2 7 2 7 3 
Neutroph i Is % 48 80 49 58 66 89 85 54 84 
Eosinophi Is % 0 -  2 6 I 6 0 0 0 0 
Basophils % 0 -  2 0 I 0 0 0 I 0 
* Courtesy o f  Yerkes Primate Center 
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TABLE 7 
Post-mrtem Organ Weights of S q u i r r e l  Monkeys Fed a Stock D i e t  or a Chemical ly 
Defined L i q u i d  D i e t  w i t h  and w i thou t  Ad-Libitum Water 
7 
Organ 33% ( -1  H 0 2- 50% (+> H 0 2- Stock D i e t  
#13 #2 I14 #IO #I8 #7 
Heart  
Lung 
L i v e r  
Sp I een 
Adrena 1 s 
Lt .  Kidney 
Rt .  Kidney 
Body W t .  
grams 
3.8 3.7 3.2 3.2 
5.8 5.0 5.1 5.1 
23.9 21.0 15.7 13.2 
1.7 0.5 0.4 0.6 
0. I 0.3 0.2 0.2 
2.7 2.8 2.6 2.0 
2.8 2.9 2.4 I .9 
1020 810 . 640 680 
4.4 2. I 
6.4 4.5 
18.4 17.3 
0.5 0.2 
0.2 0.1 
2.4 2.0 
2.3 2.0 
91 0 490 
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Necropsy No.: Y69-8 
Animal No.: No. 2 
Date : I / 15/69 
Prosector: H. McClure, N. Golarz, S. Pakes 
Hours Post-mortem: 0 
Necropsy F ind ings:  
Th is  male s q u i r r e l  monkey weighs 910 grams and appears t o  be i n  r e l a -  
t i v e l y  good phys ica l  cond i t i on .  The h a i r c o a t  i s  t h i c k  and shiny, and 
the re  i s  ample subcutaneous f a t .  The t o e n a i l s  appear t o  be longer than 
normal. The i n c i s o r s  a r e  q u i t e  loose and t h e  gums a r e  bleeding. Ne- 
c r o t i c  d e b r i s  was scraped from between t h e  i n c i s o r s  and over  t h e  gums. 
F i l a r i a l  worms a r e  present  i n  t h e  abdominal c a v i t y .  A s o f t  nodule, 
measuring 1.2 x 0.9 cm, i s  associated w i t h  t h e  a n t e r i o r  p o r t i o n  o f  t h e  
esophagus. 
pu ru len t  mater ia l .  
When sectioned, t h i s  nodule exudes a tenacious, greenish, 
The w a l l  of t h e  nodule d i d  n o t  appear t o  be f i b rous .  
The l i v e r  has a s l i g h t l y  ye l low ish- tan  c o l o r  and has a somewhat f i r m  
cons is tency - s l i g h t  res is tance t o  sec t ion ing .  The stomach i s  empty. 
The mucosa shows d i f f u s e  congestion/hemorrhage i n  t h e  r e g i o n  of t h e  
ca rd ia  and fundus. The small i n t e s t i n e  i s  empty - mucosa i s  normal. 
The cecum i s  moderately distended w i t h  a i r .  
small q u a n t i t y  of semi-formed feca l  ma te r ia l .  
The la rge  co lon  conta ins  a 
Gross Diagnosis: 
I )  S a c r i f i c e d  
2) G i n g i v i t i s  
3) '  F i l a r i a s i s  
4 )  Abscess, Submucosal, Esophagus 
Append i x  I 
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NECROPSY REPORT 
Necropsy No.: Y68-148 
Animal No.: No. 4 
Date : 
Prosector  : H. McClure 
I 2/ I 0/68 
Hours Post-mortem: 0 
Necropsy F ind ings:  
The animal weighs 570 grams and appears markedly emaciated. The s k i n  
has a dry, d i r t y  appearance, Nodular les ions  a r e  present  i n  t h e  s k i n  
a long t h e  dorsa l  sur face  of t h e  t a  i I .  
A few f i l a r i a l  worms a r e  present  i n  t h e  abdominal c a v i t y .  The t h o r a c i c  
v iscera  a r e  g ross l y  normal. Occasional w h i t i s h  foci a r e  present  i n  t h e  
muscles of t h e  neck. The l i v e r  has a s l i g h t l y  ye l low ish- tan  co lo r ,  bu t  
o therwise appears g ross l y  normal. Prominent ye l l ow ish  s t reaks  a r e  pre- 
sent  i n  t h e  medulla o f  both kidneys. A s i n g l e  subcapsular c y s t  i s  
present  on t h e  l e f t  kidney. A s i m i l a r  subcapsular c y s t  i s  present  on 
t h e  r i g h t  kidney. Another c y s t  i s  located i n  t h e  medullary reg ion  of 
t h e  r i g h t  kidney. 
r i g h t  kidney. 
Some p i t t i n g  i s  a l s o  ev iden t  on t h e  c o r t e x  of  t h e  
The stomach i s  empty. 
ach wa l l  i s  present  near t h e  py lorus.  Th is  area of th i cken ing  measures 
I cm i n  th ickness  and almost completely e n c i r c l e s  t h e  stomach. A small 
q u a n t i t y  of  ye l l ow ish  f l u i d  i s  present  i n  t h e  small i n t e s t i n e .  Numerous 
small red  nematodes, measuring approximately 4 mm i n  length, a r e  present  
i n  t h e  small i n t e s t i n e .  The cecum and la rge  co lon  con ta in  semi-formed 
feca l  ma te r ia l .  
A c i r c u l a r  area of marked th i cken ing  o f  t h e  stom- 
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Gross Diagnosis: 
I )  Sacrificed 
2) Emaciation, Marked 
3 )  Filariasis 
4 )  Intestinal Nematodes 
5 )  Cysts, Kidneys 
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NECROPSY REPORT 
Necropsy No. : Y68- I46 
Animal No.: No. 5 
Date: I 2/ I0/68 
Prosector  : H .  McClure 
Hours Post-mortem: 0 
Necropsy F ind ings:  
The animal weighs 670 grams and appears t o  be i n  o n l y  f a i r  phys ica l  
cond i t i on .  No subcutaneous f a t ,  and o n l y  minimal mesenteric and omental 
f a t  i s  present. Two f i l a r i a l  worms a r e  present  i n  t h e  abdominal c a v i t y .  
The g a s t r o - i n t e s t i n a l  t r a c t  i s  completely empty. 
pa ras i tes  a r e  noted. The l i v e r  has a f a i n t l y  ye 
e n t  ye l l ow ish  s t reaks  a r e  present  i n  t h e  medulla 
kidneys a r e  o therw ise  g ross l y  normal, and capsul 
No gast ro-  i n t e s t  i na I 
lowish color. Promin- 
of t h e  l e f t  kidney. The 
s s t r i p  r e a d i l y ,  reveal -  
ing smooth c o r t i c a l  surfaces. The lungs a re  g ross l y  normal except f o r  a 
small area of hemorrhage i n  t h e  l e f t  lower lobe. The l a t t e r  i s  probably 
due t o  p r i o r  ca rd iac  puncture f o r  c o l l e c t i o n  o f  a blood sample. 
w h i t e  foci  a r e  p resent  i n  t h e  muscles o f  t h e  neck. A l l  o t h e r  organs and 
t i s s u e s  appear g r o s s l y  normal. 
Numerous 
Gross Diagnosis: 
1 )  S a c r i f i c e d  
2) F i l a r i a s i s  
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NECROPSY REPORT 
Necropsy No.: Y68-147 
Animal No.: No. 6 
Date: l2/ I0/68 
Prosector: H. McClure 
Hours Post-mortem: 0 
Necropsy F ind ings:  
The animal weighs 490 grams and appears markedly emaciated. 
has a dry, scaley, "dandruf fy"  appearance. Both legs a r e  f l e x e d  a t  
t h e  knee j o i n t  and cannot be f u l l y  extended. 
arched appearance. Nodular l es ions  a r e  present  on t h e  skin, near t h e  
base of t h e  t a i l .  
The s k i n  
The sp ine has a prominent 
A few f i l a r i a l  worms a re  present  i n  t h e  abdominal c a v i t y .  The l i v e r  
has a ye1 lowish-tan color, bu t  i s  otherwise unremarkable. The kidneys 
show no gross lesions, and t h e  capsules s t r i p  r e a d i l y .  
The stomach i s  f i l l e d  w i t h  food, and mucosa i s  g ross l y  normal. The 
small i n t e s t i n e  conta ins  a small q u a n t i t y  of watery m a t e r i a l .  Semi- 
formed feca l  ma te r ia l  i s  present  i n  t h e  l a rge  co lon.  No g a s t r o - i n t e s t i n a l  
sh foci,  as noted i n  t h e  prev ious 
t h e  neck. 
pa ras i tes  a r e  noted. Occas iona 
animal, a r e  p resent  i n  t h e  musc 
Gross Diagnosis: 
w h i t  
es of  
I )  S a c r i f i c e d  
2) Emaciation, Marked 
3 )  F i l a r i a s i s  
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NECROPSY REPORT 
Contract NASw-1754 
Final Report 
June, 1969 
Necropsy No.: Y69-9 
Animal No.: No. 7 
Date : 1/15/69 
Prosector: H. McClure, N. Golarz, S. Pakes 
Hours Post-mortem: 0 
Necropsy Find i ngs : 
This male squirrel monkey weighs 640 grams and appears to be in fair 
physical condition. There is some loss of hair over the base of the 
tail, and a callus-like thickening is present on both heels. The lower 
incisors are missing. 
Several filarial worms are present in the abdominal cavity. The liver 
has a slightly yellowish-tan color, and is somewhat firm in consistency. 
The stomach contains a small amount of bile-stained fluid. The small 
intestine is empty - Mucosa is normal. The cecum and large colon con- 
tain a small quantity of semi-formed fecal material. 
Gross Diagnosis: 
I )  Sacrificed 
2 )  F i  lariasis 
Append ix 6 
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NECROPSY REPORT 
Necropsy No. : Y69-I I 
Animal No.: No. IO 
Date : I / 16/69 
Prosector  : H. McClure, N. Golarz  
Hours Post-mortem: 0 
Necropsy F ind ings:  
T h i s  male s q u i r r e l  monkey weighs 1020 grams and appears t o  be i n  good 
body cond i t i on .  
The t o e n a i l s  a r e  longer than normal. Ample q u a n t i t i e s  of subcutaneous 
and mesenteric f a t  a r e  present. 
The h a i r  c o a t  i s  good and.has a g lossy  appearance. 
One small pa ras i te ,  approximately 8 mm long, i s  present  i n  t h e  mesen- 
t e r y .  The stomach i s  moderately distended w i t h  food and a i r .  The 
small i n t e s t i n e  i s  empty. A small q u a n t i t y  o f  semi-formed feca l  mater ia l  
i s  present  i n  t h e  upper l a rge  colon. F a i n t  w h i t i s h  s t reaks  a r e  present  
i n  t h e  medul lary  reg ions  of t h e  kidneys. The p e l v i s  of t h e  l e f t  kidney 
conta ins  severa l  small ,  ye l lowish,  f i r m  c a l c u l i .  The p e l v i s  o f  t h e  
r i g h t  kidney con ta ins  s i m i l a r ,  though smaller, c a l c u l i .  
Gross Diagnosis: 
I )  S a c r i f i c e d  
2) Paras i te ,  Mesentery, U n i d e n t i f i e d  
3 )  Ur ina ry  C a l c u l i ,  Renal P e l v i s  
Append i x  7 
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Cont rac t  NASw-1754 
F i n a l  Report 
June, 1969 
Necropsy No.: Y69-6 
Animal No.: . No. 13 
Date : 
Prosector  : W. McCIure, N. Golarz, S. Pakes 
Hours Post-mortem: ? 
I / 1 5/69 
Necropsy F ind ings:  
Th is  male s q u i r r e l  monkey weighs 490 grams, and shows considerable 
emaciation. The s k i n  has a somewhat b l u i s h  d i sco lo ra t i on ,  and a dry, 
sca ley appearance. Much of t h e  t a i l  i s  devoid of h a i r .  
The r i g h t  k idney shows a 1 mm, circumscribed, g ray i sh  l e s i o n  a t  t h e  
cor t i co-medu l la ry  j unc t i on ,  located a t  t h e  a n t e r i o r  po le .  
The stomach con ta ins  a small amount of food and h a i r .  A few sca t te red  
petecchiaf  hemorrhages a re  present  i n  t h e  g a s t r i c  mucosa. Occasional 
mucosal petecchiae a r e  a l s o  present  i n  t h e  duodenum. The small in tes-  
t i n e  con ta ins  small q u a n t i t i e s  of ingesta. The mucosa i s  normal. A 
small q u a n t i t y  of semi-formed feca l  mater ia l ,  admixed w i t h  ha i r ,  i s  
present  i n  t h e  co lon.  The cecum i s  moderately distended w i t h  a i r .  I t  
a l s o  con ta ins  a cons iderab le  q u a n t i t y  of  h a i r .  Occasional f o c i  of 
mucosal hemorrhage a r e  a l s o  present  i n  t h e  cecum. 
Gross Diagnosis: 
Dead on a r r i v a f  - no s p e c i f i c  cause o f  death was detected a t  necropsy, 
o t h e r  than emaciat ion and probably  dehydration. 
w i t h  shipment probably  c o n t r i b u t e d  t o  t h e  animals death. 
St ress associated 
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Necropsy No.: Y69-7 
Animal No.: No. 14 
Daf-e : 1 / I  5/69 
Prosector:. H .  McClure, N. Golarz, S. Pakes 
Haws Post-mortem: 0 
Necropsy F ind ings:  
ThTs m a l e  s q u i r r e l  monkey weighs 680 grams and appears to  be i n  r e l a -  
t i v e l y  good phys ica l  cond i t i on .  The h a i r c o a t  i s  t h i c k  and shiny, bu t  
.somewhat d ry .  
c o f o r a t i o n .  The t o e n a i l s  appear t o  be s l i g h t l y  longer than normal. 
The base of t h e  t a i l  shows an area o f  a lopec ia  w i t h  a rough, th ickened 
The s k i n  has a somewhat scaley appearance, and a b l u i s h  
skin. A pap i l lomatous- l i ke  les ion,  measuring 0.7 x 1.5 crn i s  present 
on t h e  l a t e r a l  v o l o r  surface o f  t h e  foot ,  j u s t  d i s t a l  t o  t h e  t a r s a l  
jo in t .  T h i s  l e s i o n  has a g rey i sh  c o l o r  and roughened, i r r e g u l a r  surface. 
g r e y i s h  l e s i o n  
sl Eght ly  above 
zone, One add 
enchyma . 
saF su r face  of t h e  c e n t r a l  lobe of t h e  
approximately I mm i n  d 
t h e  hepat ic  sur face and 
t i o n a l  simi l a r - t ype  les 
S i x  a d u l t  f i l a r i a l  worms a re  present  i n  t h e  abdominal c a v i t y .  The dor- 
l i v e r  shows a wel l  circumscribed, 
ameter. Th i s  l es ion  i s  ra i sed  
i s  surrounded by a narrow red  
on was found i n  t h e  hepat ic  par- 
The animal appears t o  have an ample supply of subcutaneous and mesenteric 
fa-€. 
The sur face  of t h e  kidneys i s  somewhat p i t t e d  and granulat ,  a l though t h e  
capsules a r e  r e a d i l y  removed. F a i n t  w h i t i s h  s t reaks  a re  ev ident  i n  t h e  
medu l l a ry  reg ions  of bo th  kidneys. 
paFe. 
The c o r t e x  of t h e  kidneys i s  s l i g h t l y  
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The stomach and small intestine are empty. The cecum and large colon 
contain small quantities of greenish-brown mucoid material. 
Gross Diagnosis: 
I f  Sacrificed 
2) Fi lariasis 
3 )  Papilloma ( ? I ,  Skin, Foot 
Appendix I O  
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NECROPSY REPORT 
Contract NASw 
Final Report 
June, 1969 
Necropsy No.: Y69-IO 
Animal No.: NO. 1 8  
Date : I / 16/69 
Prosector : H. McClure, N. Golarz 
Hours Post-mortem: 0 
Necropsy Findings: 
This male squirrel monkey weighs 810 grams and appears to be in good 
physical condition. The haircoat is good and has a shiny appearance. 
A smal I ,  superficial laceration is present on the chin. Lesions are 
present on either side of the nose, which appear to have been possible 
s i tes of d ra i nage (photographs made') . 
Considerable subcutaneous and mesenteric fat are evident. 
lowish streaks are present i n  the medulla of the kidneys. 
intestinal tract is empty, except for a small amount of semi-formed 
material in the cecum and large colon. The mucosa of the gastro-intes- 
tinal tract is normal. Filarial worms are present in the abdominal 
cavity . 
Faint yel- 
The gastro- 
Gross Diagnosis: 
I )  Sacrificed 
2) Filariasis 
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